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SUMMARY

This remrt o-dim the .Whi COnd~ti m are @Y
critical h-htmnining the a?&& oj component oj an airplane
which affect it8 8tabitiiy and control characteristic. %
wind-tunnel te8i!3nece88aryt4 det.emvinethe pertinent data &
i%mecondi%m are indimfed, and the nwthodaof computation
I18CG?to trand.ate the8e data into characteristi.c8which dg$ne
the jlying gu.diti.es oj the airpke are ihdrated.

INTRODUCTION

The development of flying-qualities specifications (refer-
~nces I, 2, and 3) has established speciiic criteria ‘with which
the.characteristica of an airplane normally will be compared.
The problem posed in the prelimina~ design of an airplane
is the determination of which of these criteria will influence
the design of the various components of the airplane that
affect the stability and control characteristics, and the
magnitude of the effect. As an aid in this design problem,
methods have been developed by which the data, obtained
from wind-tunnel tests of powered models, can be translated
into flyingqualities charac@istica observable in flight tests
@ tho terms of which the flyingqualities specifications are
written). Application of these methods to six diflerent
wirplancs haa indicated that the same requirement ts represent
the criticnl conditions on all conventional airplanes, and that
if these conditions are met it w-ill follow that the remainder
of the specifications will be satisfied. By permitting con-
centration on these few conditions a considerable simplifica-
tion of the design process results.

It is the purpose of this report to outline the critical con-
&ltiona for each component of the airplane, to indicate the
wind-tunnel tests necessary to determine the pertinent data,
and to illustrate the methods of computation used to trans-
late these data into characteristics which define the flying
qualities of rm airplane.

DISCUSSION

The flyingqutities requirements can be stated under
three major headings:

1. Stability shall exist under specified conditions.
2. Control shall exist under specified conditions.
3, Control forces shall be kept within specified limits.

Each of these requirements is, to some extent, contradictory
to the other two and, furthermore, airplanes now have been
developed to such sizes and powers that the atttient of
all three requirements is quite diflicult. Hence, despite the

fact that from the
desirable to satisfy
margiu as possible,

ultimate flyingqualities standpoint it is
some of the requirements by as ample a
the de-signer normally will find it expe-

dient to base his original design on small margins, in order
to minimize the difficulty of compromising conflicting re-
quirement-s. If this is not done for one requirement, the
atttient of the other two by normal means may be
impo=ible.

To illustrate this point, the horizontal tail on a typical
high-powered, single-engine @lane must be the smallest
which will give the required stability in a rated-power climb,
and the elevator must be the smallest which will give the
required control in landing, in order to keep the balance
requirements for low con trol forcw in accelerated maneuvers
within reasonable limits. With regard to wing dihedral,
care must be taken not to exceed the amount required for
the maintenance of lateral stability in the low-speed, high-
power condition where the dihedral effect will be minimum,
or excessive dihedral effect will result at high speeds. The
size of the rudder must be limited to the smallest that will
give adequatm control in order to keep the rudder-pedal
forces within the required limits.

If it is assumed that the preliminary ales@ has been
completed on the above basis, it will be the function of the
first wind-tunnel tests to obtain data from which any read-
justments in the airplane components, necessary to secure
satisfactory characteristics, can be determined. As con-
ceived her- the first series of wind-tunnel tests would be
restricted to the critical conditions with regard to each
characteristic. A series of tests sufficiently complete to
form a basis for a more general flying-qualities predictio~
or an analysis of secondary effects, would not be made
until the changes shown to be necessary by the first series
of tests had been incorporated in the model. An outline
for such a preliminary series of tests as just discussed is
given in tables I, II, and ID. for a single-engine airplane
and in tables I, H, and IV for a twin-engine airplane. An
attempt has been made to make these tables self-explanatory
when considered in the light of a flyingqualities specfi-
cation (references 1, 2, and 3). Figures 1 to 16 present
a typical set of results. The method of_ Jragglating the
wind-tunnel results into the terms of the fly@-qualities
specification is outlined in these figures.

The choice of critical conditions and the tables have been
made after a detailed study of the characteristi~ of three
typical single-engine airplanes and three twin-engine air-
planes, with right+hand rotating propellers. In each case,
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it was found that if the 10 major points as outlined were
satisfiqd, the other characteristics called for in the flying-
qualities specifications would be met. It is believed that
this conclusion will be airnilar for other conventional
airpIane9.

Each of the ten items listed in the tables is directed
toward one major variable in the airplane design. Thus, in
the usual case

Horizontal tail size will be determined by item I.
Elemtor size will be determin ed by item II.
Ek-cater balancewill be determined by item III.
Minimum dihedralwill be determined by item IV.
Maximum dihedralwill be determmed by item V.
Aileron size will be determined by item VI.
Aileron balancewill be determined by item VII.
V&icaJ tui-1&z will be determined by item VTII.
Rudder size will be determined by item IX.
Rudder balancewill be determined by item X.

Obviously there is a closer interrelation among the oharac-
teristiw than the above listing implies, and impertant changes
oan be required after cm.sideration of “secondary” variablw.
However, to a first approximation the variables listed will
establish the airplane stability and oontrol characteristics
aftm the first basic arrangement of wing and fuselage IS
~tablished. Changes b other features of the airplane com-
ponents will normally be in the nature of refinements, rather
than major changes.

The surface deflections given in, the text are only ropro-
sentative valuea corresponding to the range of deflections
needed in ascertaining the flying qualities of the airplanes
upon which the study has been based. An optimum selcc-
tlon can be best detmmned from n cursory exmnination of
the basic runs with control surfaces neutral, with due regard
for the maxmmm deflections upon which the design ]s based.
It wd.1 be noted that tail-off rune are called for in the tables
only when they are necessary for the computation of the
flying qual.rtiea. However, in order to provido datn which
will aid in any necessary redeai~, the addition of a tail-ofl
run for other teat conditions is considered desirable.

A typical set of data as obtained from the runs called for
on the tables is shown in the figures and the cross plots and
computation methods necessaq to reduce these data to tho
form of the flying- ualiti- charactmstics are outlined. Aa

$in the table, these { gures are intended to be in such detail
as to require no further explanation. In the computation
procedure certain simplifi@ions and assumptions hnvo been
made, but it is believed that all factors which will bear an
important influence on the final result have been included,

AMES AERONAUTICAL LABORATORY,

NATIONAL ADVISORY COMMImB FOR AERONAUTICS,
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TABLE I.—LONGITUDINAL CHARACTERISTICS
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fe large enough to m-t require

PO$~t;preted rmwer, ilem 1
LWWOIeltreb, where dmtebilizln

ment of etlck-tlxed-bflfty end f
fftheelevator-floetbw obnreoter- = 0==-- S% ls----- &- w
fetles era aocb as to melntafn - CIm WbfOb stebilfty is IW lb—.._- &=–P
stlok-fm stabflfty under the
upXJtledflfghtCondltlom ~~d “&:tiFm%” Polera Wfth WpOment nermel 2

mtd POWW,fiemandmardown.
or

2a------ &- w
Orftfeal Wndftfon my ecalr h the 2b----- &.–P

8P rmcb, wfth ffePs and ~ down 2a____
$

&-–lw
en m+arcent nermel raw power.

n To detormfne U elevator fs large Orftfd Olnditfon Wnf ho fn fendfng

%%!El%’l%iiKEXK%%f:E.-

Polera with Premller Wfndmflk 3 R- (~ b, O)with fnm’ms&I inefdencom
where fmmwdmmt @nter-ef@w-
Ity leratfon and gmrmd effeci wfll

ing, ffeIMend gmr dmvn. for the pnrpme of debrmhfn dC./df1
and dfiJdfg~ ifor app ratfonof

requfro mexbnrunupolevatar to 30------- w
eemrelendingattltnde. 3b—___ Z-lW

method of referanca4. dull ehoald be

30_____ &--w takcted u obnrIs13fn angle of atteek of
L---- &-–z” the tafl fn the nrfnfmmn SIMM lauding

attitnd~ mmpnted by mothed of refer-
ft.nermrd+k~ @mm4.

4e------- &- CP Run 6, with till removed, reqnfred for
4b—___ &-–1w determfnatfen of ~ nsed te compute
4L------ &.–w ,
4rf-...-_ &=–w

k and da,, by method of referenra4.

5______ Ten off

-iF To determfao U elevator be.leam Orftfml mndftlon wfll either lM fn
f9enllfalent to rnefnfatn control

Iand@: Data mqnfred are mme 4
IanrW or fn emelomted fllght wfth

forcm Wftbln roqufred Ibnfta.
u for II fdmve.

!%Ey~tiH?BN!i%%i
‘%J%$Yn;#i%%d%2 z;

w?w~, a ma.xfmma form of 36
pmnrfs or stfck-typ mntrol end fd
pxmds for wheaf-~ mntrel L?
permissible (wfth trfrn tab rat at
1.4vst.lb propater WfMmmf@,

The roqufrwi stfek-forca gredfent fn 00------- &~ @
=Mr@mh:ti*:d:&m OJ-::--:::

Run 7, wfth Inereawd fnedden
8,- —P

=;g!” m.tfom

8,- —W ~<~drz=.%+~

fi.normfd+lm~ cakmletfens. Vefne ef AQ4 sbonfd be
detmroind es maxfnmm fnduced @

7_...-_. &- w attaflin amalemtdfugbt.

TABLE II—LATERAL CHARACTERISTICS

[stn@- eodtwfwqfm efrplem]

[tam PurPcc8endreqofrement Crftfrdamdltfm Rrm No. Drmrfptfen of ran ~ R@nei=3

—— —— —

Iv To dotomdne ff tba wfng dfbedrel Tbo uftfcd cumiftfon will h fn the ------------ Yaw rrm at e prea@ attftuda 6

?il%ml%%l’%%%%% f%
armrmcb wftb tlere dewn and with $wim&y auam&mmrt

=~b%%r%%;i%idd%l%

-&*S”f# l-2Kt.” (pro-wprcent reti

the condkfoneof flfgbt aLwJIIed. Na
ef7mt. CPMs amdftfon wfll nor- Se_-––-. * W,*=–wtow

cdfs for ~flfty fn “the apprmeb
i% wneldomble POW.” Thb mndf-

#la~%J$#’qT* ~y---::: ~_~ $:-$:$ tbm wfII rmrmdly mfnafde wfth the een-
dftlen Ontltnedfer the Army &w.

The enm ofattarakforthesa t8stsabotddbe
dxed.) &wan on the basisef C~= obtafned fn

the wfnd tunnel (A hi mmpnting
13Vhu) but the pewor (T.) simrdd ba
set h e@ordancs wfth the estIm8tM
@@ under fuILmds mndftfon%

v To detmrofne ff pmmr baleneo Orftfral eondftton wflf be the
axlats tmtweon dfhedrel efleot aolditfonw..%%k

----- ‘~w”~ U#=J agtll@ , *&e&fit exfstsm to whether or not thfs

=effi%%ll be maxfmnrn end df-end dfreMenof atabtlfty to wlndmflffng (or MgbeWOi !TJ. for diheJ3V%LatW%%iHi!
avoid orcf)latory dlver@m. =~br~e r#fumm (dm

‘i?.
@me ran have dfhedral rmder tbfs Unit

‘L--------- &= U=,$-–w to w
~mt A; y*.#J%!#~%% %t~~ ~ ~dti,y

%%i&&”E&n:e%%%%$-

T To determine if efferonsma eu5- Clrft.imlCondftfonWffl b at Iw Sp33d ------------ Polar Wftb Wfndm

j%%~d~)whmmti” ~~~d-m*%w*-
7 Fga slngkmngfm alrpti m 11% b.

~~!%!l.:::timw dm&fon fn~~~nydn~%
;~___ &L=,, &E=,

d o em nrded for wmpnt.stfons of
~ radder baleneo. SeeTable No.

h grmkst. ““
—---- &=-% Down, LB=% UP10o-—__

aO~-Fldl Dow& a.=-w up

Ffep end gmr @and@il.

&~=o, &~-o
Ha------- &L+ Down, &=-~ UP
llb—---
lh3----- &L-Fdf Dewn, &==zFdf UP

E Todetennfnaifefkromeraolrd Orftkaf condftfonwilf lM at hfgbeat -----------
~w Wd to fd W Wwmti whmmt a u

Data requhwlwdl Lwfnrnfdwd 8 F:Zan~ti&3@@m tbOrOem

)

nermanyOav....
~- (5V .. Wfthlow

ROqofrel h-m rnante=i by
end rate of roll verk wfth tYIM of htnge.moment deta. #i@%%%%%X$E!liG

Ollongbmntro forces afrplane.
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TABLE 111.-DIREC!TIONAL CHARACTERISTICS

[sfde+@m Oh-P-l

I&m ~ andmwdnxnent Gitfmlcondftfrm RnnNo. D8wipthn of mn ~ Ramorka

VrfI To ~
tfonal tibfl$r%%~n%

mwfml mndftion Wffl N at hfgbmt
@@= Of dd&P attainable WhMl

Yaw rune at attltmde

*&y’$’?g7;;

9 It tiordd h noted that the mndltlon for

avoid redder mm mvarml or Stih&y* ~ a M
whkh the mddor Istrimmed wU1ixar an
fmpxtant fntlrmncn on tie iuddor--

mdder-fama re=inctfonat large
angledof Sidedp.

Mmqm@ng tormrnmlrakl

‘*m#&”&K%!kJ&gy&: *a------ ::+= ~time

varml dmmoteristlm. It b nmurrxdthat
the fnaomantrd tab eflaats mn im cstl.

g~:qg+’z$~:kz g?~:.
%%~$~~$~t%

nmtedaadr@#dtotakmodsta.
For afrplane be g tinted [or mm Ifonm

wipti~$ &timfo~ C#&?hO~

12f,’g--- and may be ahanged to tie foUowing:
FlaPup-T. of~worforkwol Ofgbt. Flapa

Yaw mm at attkde mrrespond- 10 down -rdtltnde of 1.2Vti.11 propllar

%bgj:~%%’p$d~
\whuhfllfng); T, of &l.fmrmn normol

T. ~ntig b _ff T~e%%%~~o~ ap Hento any oh.
power. i’extrurm fmvwr

~~~w###~J3m amafdmod of
+mnye gta-w

13a------- It should tm notad tbat”!n com utntlon of
13b------ 4-1P redder mrfnfmd to hold stea$y sidcdllp,
130------- b-w
18d-----

CLdue to afferonhashon ncgfeotcd(tlE&
a#4K” 9,10,13,14, and 10).

Ix To dep~ f; tbe mddw is Orltfml mndltfon Wfn be

i%~derallrmrmalf llgbtcon-

Yaw runs at attitude
ne@smry cOn- ( Motntmm.nmof rlfght wfth wings

%el under M@ tbrn.st mrrdltfons

11 The data raqnirad to datnrmlrm advcrm

=J%gg;”=::

~; ~rdleron w am obtafrrod from Runs 11

%Hi’%$iii%-t%!at

T. ~nd~~ ~km~ F~ bkmA Mn tasted for mmpllamm
~wor. J%with Army Spe ratlorls only, mmlysfn

ma M confined to canditlon (b), and
$Mngee-l$tom ?att tnde rhangad to 1.2Vti.H (Pmwlhr

o or 14a---..-- ~@dLmflflng) with T, for fwwor for lovol
14b------ &--lb”

(b) Marntenmlm of mro dd’alfp for 140------- &-–w
alxivemmifthnwith mffkfmtrmerve

*“-F f”tim””

The~: r#~;Wm 8P Ilusto any oJr-
14d----- &-–w

$Mlh%gy_T:%%%K%
bldmsl by’ *trdkenderlmtbm.

x To deterrnbm ff the redder has Oritfcal wndffien wflf occurwhen ab
mrJTfclentbolanca to kiep the

Data roqnfred wIII be fmnidwd

yd~~dn the requfred epG’%d&%%%’’(%i%
‘1

The mndltian FM w; normally fdvo
byrnnsof item IX above. Orfg- amd hlgber @rd om?athan wIM k onmun.

~~mmti*W$e) after
trialrndder trim wftb mfnfmnm 12 terwf in a termbmf volmlt d!vo protided
fmwerms’amed todstwftht. ab the redder ISassumedto ~ trlmrned for
rmrrtrrd. Mgbx fflgbt bcfom tbe d!vo fa cn-

temd. Aamrnptfon of% favomblo orlg-
bml redder trim nmy rnnkotbo dlvc mn-
dftion ra-ltkel
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TABLE IV.-DIRECTIONAL CHARACTERISTICS

rwha dmked
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tom PUrPCLWend roqnframant CrftIcal eondftfon Rnn No. Descrfptkm of ran Ffg.
No. Remarks

m To dotermfno U eaaofdent dhw (a) Orltfcal candftfon will be at h “
tfonaf stabiflty fnpresent. @@wof@tidp*4;

(a) Yaw mn at apprmcb attftnda 13 (a~~y rolls far mdder-frm dfrecilonal
wftbfla~and gmrdewn, T.es

(a) To avcdd rudder-@al fem when the prepe.lfer Is operating at calfed for by mqrdroment (loth
tJ at L2V.. II (pro@or wfnd-

rommaln or redrmtlon at large
mflffn wftb W-pmmnt rated pmor and

t
a h h-tbrmt met3rdant. MlgtnedOpratrng). tabaetfer trimatrnra afdeslfp. ~for

ongka of afdedlfp. (b) T e cdtfml mnditien wfll be
m-w by the faflure of one

tab w ba estfrneted.
Yaw renge:owti –w

engfne dmrtly after take-off.
A’ary m.llsfar no reductfcmofmdelfw~al

%%d@&;;*yw&%

Ha------- fermaYthe mlgleefafehMlp fsblermseef
12b_-_.. &-lw
120_____ &-w

Wfth tak.ff#wer and rl.trel d
tab. An the avy dms not EM a defl-

fllght, wftb redder frm and
l’M---- &-w rdto rnmfmom aped, 1.lV,I,U (pre@er

wymmetrio powor by bardcfng
Wlndrnfnblg) f9as9mnedto Lwtba IOwmt

(b) Yaw ram at attitude corm.
to a modemte angle.

~ei whfch thfs reqnframent nwd
SP* b 12VtiIbtipsat
take-JE setth.g, gear dawn. R=~~ddfid~are mffed for dnee
Take-aff prover en one engin%
other engfne, profMfer wfnd-
m~.

tram mndftlan th8nK%$f:m ‘-

Make rons wfth the mdde free
14 (b) Tm rwmdramentk not mlfei” for by

and the aflemns mt WItb fnlf %@%#kN:R %%%%%.%?.
doflwtlrm fn dfrmtien to bring 3&, dep.mdfngon ~ of afrplane.
wfng wfth dmef enginenp.

128-------
‘W;:o?:rti

18b------ bftf$-y;p

Y To detanfne U the mddw !s caP- Gftfcal mndltfon wilf im Ofterefngfe-
bfe of mafntilng the roqnfred

(a) Yaw runs at attitnde eorm-

%l%%-bw~%e%%d~m~

16 (0 TM mqmnt ap~ onfy to NaVY
apondlng to 12Vti.11,tip.and

mntrol nnderFIlfmndltlennof

tidm%%?%~z:

afrp18rlet3.

atmdyIllghto

%$%xE-2ik:=:

%?% ‘.

Yaw range-–m te lff
. or 14L----- . &= w

14b_-. _.. &-–lm
(b) Held atloastlfPofsfdeM atl~ 140------- .

nt of the _ Ah tie 14d----
ar–-w

w% mnditfon.
&- –w

0) Yaw mm at take-off attftnde 16 (b) Thk ~RbOm%IIt fIPPk OUfY for

$:?+) !%%”%:=$%;
Army airplanes

$la*tim~lJl .&. *e-

Yaw rangaJ5 @W–25”
la----- -
15b---- . &=–lw
lm____ - &- –m
lbd----- . &- –w

x To deterndne If the redder has OritIeaf mnditbn wRf be fn the Ilfght (a) Data roqnfrwl are obtafned
enoughhafanm to keep tho md- mnditlan (a) end (b) Ustadabove.

15 (a) Mmt severe roqrdrement a Eed by

der-er-~m~p wftbfn the m
from Run 13abom

(b) Date mmdred ore obtafnad ‘d
the Navy (with rmpmt to m$~m pedaf
farm).

from Rm 14above. 16 (b)Re lrement (b) fsnmauyfe9.3mvora
Tthm a) bnt fs tha mmt severe appltad

by tha Army.



APPENDIX

SYMBOLS

deflection of control surface
ilumge in angle of attack at wing due to ground effect

or change in angle of attack (over aileron station)
due to roll

change in down-waah at tail due to ground effect
change in angle of attack of tail due to ground eflect

change in angle of attack of tail due to induced angle

in accelerated flight
lift coefficient of wing and fuselage (exclusive of tail)
angle of incidence of tail
hinge-moment coefficient
angle of yaw
angle of sidealip

yawing moment due to sideslip
rolling momemt due t6 sideslip
rolling moment due h rolling
rolling moment due to aileron deflection
stick force, pounds
indicated airspeed
length from center of gravity to 2’$percent M. A. C.

of horizontal tail
normal acceleration
acceleration due to gravity :

rolling velocity, radians per second
154

b wing span, feet

()
1 V’ ) pounds per square foot4? dynamic pressure ~P

Subscripts:

e elevator
T rudder
aL left aileron
az right aileron

tail
; left
B right

Nom.-Stability asea have been used in the presentation of the data.
Positive deflection of control surface is in the dhwtion whioh will

produce a positive force (not neccwarily a positive moment).
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